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We discuss possible manifestations of R parity breaking in the Higgs sector. We
illustrate this with three examples: high-energy mono-photon production at LEP,
calculation of limits on associated production of invisibly decaying Higgs bosons





In analysing the supersymmetric theories one usually assumes the conservation
of a discrete symmetry, called R parity
1
, distinguishing matter elds from
their superpartners. The R parity violation could lead to phenomenologically












decays to single charginos or neutralinos
7
,
existence of a massless Goldstone boson called majoron
8
and many others. In
contrast to the R parity breaking in the fermion sector, its consequences in
the scalar sector are relatively less explored. We present three examples of
possible manifestations of R-parity breaking in the Higgs sector: high-energy
mono-photon production at LEP
9
, associated production of invisibly decaying
Higgs bosons
10
and novel scalar decays in the MSSM with broken R parity
11
.
2 Single Photon Decays of the Z
0
and SUSY with Broken R-Parity
Recently the OPAL collaboration has published a high statistics single photon
spectrum that shows some excess of high energy photons above the expecta-
tions from g the initial state radiation (ISR)
12
. This excess could be explained
















Figure 1: Diagrams contributing to the monochromatic single photon emission Z
0
! J
dict the existence of new Z
0
decay modes involving single (Z
0
! J) or double
(Z
0
! JJ) invisible massless majoron emission.





. In order to estimate the attainable values of Br(Z
0
! J)
we adopt as a model for the spontaneous R parity violation the one proposed
in
13
. Diagrams contributing at the 1-loop level to the process Z
0
! J are
shown in Fig. 1. We obtained the explicit expression for Br(Z
0
! J) by
calculation of the 3-point Green functions of Fig. 1. We have varied model pa-
rameters, rejecting points violating constraints imposed by existing laboratory
observations, cosmology and astrophysics. We have found that the branching
ratio for the 2-body Z
0
decay to a single photon + missing momentum in the
considered model can reach 10
 5
, being within the sensitivity of LEP
9
.
Double emission process Z
0
! JJ would give rise to a continuous photon
spectrum
a
. Imposing gauge and CP invariance and Bose symmetry, one can






























As the simplest illustration we derive the -spectrum following from eq. (1) in

























The details of the shape of the  spectrum depend upon the specic model
and SUSY parameters choice, but its general characteristic is determined by




We do not consider here other possible mechanisms, like LSP pair production followed
by the radiative decay of one of them 
0




upon the continuous spectrum we have, in addition, a spike at its endpoint,
corresponding to the emission of the monochromatic  in the Z
0
! J decay.




In a class of models with a spontaneously broken global symmetry the CP-
even Higgs boson(s) are expected to have sizeable invisible decay modes to
the majorons
14
. This decay could contribute to the signal looked for at LEP
{ two acoplanar jets + missing momentum. The existing analyses of the in-
visible Higgs search have concentrated on a minimally extended SM Higgs
sector with the addition of a Higgs singlet and hence on the Bjorken process
15
.
We extend this analysis to include the model containing two Higgs doublets
and a singlet (carrying lepton number)
13
and the associated production of the
CP-even and CP-odd Higgs bosons
10
. For the illustration, we display the con-
straints obtained for the published ALEPH data sample
16






After spontaneous SU (2)U (1)U (1)
L
breaking, the Higgs sector of the
considered model contains 3 massive CP-even scalars H
i
, a massive CP-odd
scalar A and the massless majoron J . We assume that at LEP only the lightest
CP-even scalar H
1















































HJJ coupling strength is unconstrained and can be eectively parameterized
by B = Br(H ! JJ), 0  B  1
b
. The decay A ! JJJ does not exist since
the (CP-allowed) couplings AJ
3
or AHJ vanish at the tree level in our model.
Since A can decay only visibly (B
A

















Figure 2: Numbers of expected dijet +
missing momentum events after imposing
ALEPH cuts.












! HA ! JJbb channel.
We have assumed Br(H ! JJ) = 100%.
one expects dijets + missing momentum as a signal of the Higgs production.
This signal arises from three processes: 1) Z
0?
! , H ! bb, 2) Z
0?
! qq,
H ! JJ and 3) H ! JJ , A! bb. For each process one has a sizeable missing
momentum which is aligned neither along the beam nor along the jets. For the
SM background missing momentum arises from i) jet uctuation (including
escaping  from b; c and  jets) in which case it is aligned along the jets, and








) process in which case it is aligned along the beam
direction. This enables one to eliminate the SM background by a combination
of kinematic cuts
17
. We denote the number of expected signal events for the







suppression due to the mixing angles or branching fractions in each case. The
























, implying that, if not suppressed


















can be obtained by varying B from 0 to 1
and combining the data on dijet + missing momentum with those from 4 and
6 b-jet searches. The overall limit is dominated by visible channels, which give






then those obtained for the invisible H decay.
4 Novel Scalar Boson Decays in SUSY with Broken R-Parity
The standard MSSM R parity conserving superpotential can be generalized by


































































and leads to mixing of gauginos with leptons, Higgs scalars with the
tau sneutrino and hence to the R parity violating Higgs bosons decay modes.
All the elements of the various mixing matrices can be expressed in terms





















. We have taken
into account the following constraints on the model parameters:
1) The major constraint on 
3
and hence on R parity violating mixings comes






















) should obey the LEP restrictions.


























admixture in the LSP in the h vertex. The mixing a
31
ap-












and become large if the
sneutrino mass is close to the mass of the relevant Higgs boson. The relative
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mass labels the dierent curves.
Figure 5: Branching ratios for ~

decays as




























































































mass dierence, for a suitable choice of SUSY parameters. Clearly,
for relatively small h-~

mass dierences of a few GeV, the supersymmetric















or the invisible mode . These decays are dominant when the phase space
for the R parity conserving channels such as  is closed (see Fig. 5 where
m
LSP


















= 155 GeV). Finally, the R parity
breaking terms lead to the unstable LSP, which would decay inside the detector
if 
3
 few GeV. Folding the R parity violating Higgs boson decays to the LSP
with the standard decays of Z
0
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